Experimental models for spinal cord injury research: physical and physiological considerations.
This paper describes historical and current experimental models used to develop our current understanding of the biomechanics and pathophysiology of traumatic spinal cord injury; the advantages and limitations of current experimental models; considerations for selecting an appropriate injury model based on experimental objectives; and key physiological factors in the spinal cord injury response that may interact with the injury response and alter the outcome. All of the above must be considered in the development and selection of an appropriate experimental injury model that meets specific needs. Various experimental models have been developed to study spinal cord injury and the pathophysiological and physical mechanisms responsible for tissue damage and loss of function. Such modeling may involve inherently different biomechanical variables with alternative outcomes and purposes. There is not, therefore, a single "ideal" experimental injury model just as there is no "stereotypical" clinical spinal cord injury. Instead, the goals and objectives of the research dictate specific requirements on the model. In all cases, however, both physical and physiological aspects of the model should be considered, and measured if possible, to ensure interlaboratory comparability and possible clinical relevance. Also, experimental techniques, especially anesthesia, and surgical procedures, should be carefully reviewed for interactions with the injury response or potential therapeutic interventions to ensure validity of interpretation. It is hoped that data correlating physical spinal cord injury parameters with functional outcome will ultimately be combined with data on vertebral injury and spinal failure mechanics to further our understanding of clinical injury. Such approaches should lead to interventions that reduce the incidence and severity of traumatic human spinal cord injury.